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EXECUTIVE SUMMARY

Previous research and testingve shown that cargo compartment fires involving aerosol cans
may be particuldly dargerous. Heated aerosol cans will everljualverpressurize and rupture,
releasng the fammablehydrocarbonbased propellant with xplosive force. Te resultant
overpressure in the compartment is of particular concern, since the compartmengykitem

may become disldged, allowng theprotective fire suppression agent to escape.

The problem with conductg fire tests using actual aerosol cans is the inconsistencies of the
catastrophic failure segnce. It is often difficult to reliaby predict when the rupture seqoee

will occur as there are inherent differences in the dgn@awvth from test to test which dirégt
impact the degree dkeat transfer to the metal can surfacer these reasons, a simulatt@vice

was construed which can replicate ax@oding aerosol can in a consistent mem

The device consisted of gylindrical pressureressel for storagefdlammable prpellants and
base product and aigh-rate discharge (HRD) valve for quick release of the constituents.
Simulator tests were conded using representative constituents armupellant quantities for
comparison with actual cans heated to the point of rupturegaitebn. This report describes the
tests conducted with the simulator in unconfinpecgs a B-727 cargo compartment, and an
LD-3 Unit Loadng Device (WD). Subsequent ek is planned with the aim of rtehing he
pressure pulseroducedby the exploding aerosol can simulator with that m&asl durng an
overheged aerosol carnxplosion.

The explodilg aerosol can simulator will then be used toleate halon replacement agents in
cargo corpartment fire suppressiosystems. Prior earch has shown the suppression and
inerting of a cargo fire with Halon 1301 will prent the &plosion often associated with an
aerosol can failurelt is imperative that replacement agergsehualy effective as halon against
cargo fires involving aerosol cans.
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INTRODUCTION
PURPOSE.

This report describes theadopment of a exploding aerosol can simulator used to replicate the
release andignition of propellant when an aerosol campledes in a fire. Tests weconducted

in both unconfined and ofined spaces, includg a B-727 cargo copartment and ar.D-3
container.

BACKGROUND.

The Montreal Protocol is a trigasigned by neaty all industrialized nations worldwide that bans
the manufaaire of ozone ddpting halons. Halons are effective gaseoxtinguishing agents
that are used in a vatjeof applications in commercial aircraft, inclugi cargo corpartments,
engne nacelles, hanbeld extinguishers, and iatay trah receptacles. Becawse of the
diminishing availabilty of halons, the Federal Aviation Administration (FAA) has been
developing minimum peofmance standards for replacement agentssgstéms in these areas.
In commeral transport aircraft, the largest quantf halon is used in the @@ compartment,
as may aircraft are required tprovide protection against in-flighires while travehg over
large distances. The minimum performance standardloksweloped for cgo compartments
encompasses o fire test scenarios, including surface bogi bulk loaded uggage,
containerized luggage, angpoding aerosol cans.

The &ploding aerosol can scenario issed on previous test womwhich showedHhat cargdfires
involving aerosol cans ay be particulaty dangerous. He@d aerosol cans will evarlly
overpressrize and rupture, releasing the flammabligdrocarba-based propellant with
explosive force. The resultant opeessure in a cargo compartment is of particular concern,
since the compartment linirgystem nay becone dislodged, allowig the dispersed gaseous fire
suppression agent to escape. Halon 1301 has proven urémay effective at mitigatng an
explosion causetby heated aerosol cans; themef, replacement agents angtems must also
provide equivalent perfarance An altemative agenbeingevaluated is water ntisvhich has
proven its effectiveness against clasiype cargo ites. Water missystems are effective at
suppressing simulated bulk loaded and coetaed fires, but thy typicaly function in a
cycling manner. The mist is activated or deactivated, depgndin the compartment
temperature. The primarconcern is whether or not a water nsgstem has the abiyi to
mitigate the effects of an aerosol can failure, particphhen the mist is in the off mode.

Aerosol containers are Higstrength metal units with gaacities raging from a few ounces up to
a quart. The top and baskthe container are geraly domed, and the unit worlg pressures
range between 210 and 280 pounds pelasg hch (psi). A bae product is trasferred into the
aerosol container, an actuator asskgnib fitted to the container ldg, and the container is then
pressurized with propellantigure 1). e propellants are chosdsy the packagefor the
characteristics that &g provide for disharge of the bae product. @er thepast decde the
chlorofluorocarbon propkint used in aerosol cans Haesen replaced with leyocarbon blends
that include propane, butane, and isobeita Thes flammabk gases would norm&y be
prohibited on passger carying airplanes, but there is anxeeption for up to 75 ouncesf
personal care items per person for medicinal and toilet articles when carried in chegeapkbag



only. The Research and Special Programs Administration (RSPA), the Federal agency
responsible for the regulation of hazardous materials transport, states “Personal care items
containing hazardous materials (e.g., flammable perfume, aerosols) totaling no more than 75
ounces may be carried on board. Contents of each container may not exceed 16 fluid ounces”[1].

Actuator
Pressing on this button opens the valve.

Valve

Various openings in the valve control how
much product comes out, how fast, and whether
it is a spray, foam, or gel.
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* Ingredients like water that dissolve, dispense,
/ and stabilize the product.

|_— Dip Tube

When the actuator is pressed and the valve
is opened, the product comes up through the
dip tube.

[~ Can

Section View

The airtight metal container has a specially
designed bottom and top to add strength.

FIGURE 1. SCHEMATIC OF TYPICAL AEROSOL CAN

Several aircraft accidents involving fire have occurred over the past several years in which
aerosol cans placed in passenger baggage have nearly exploded. Previous testing has shown
that when typical nonventing aerosol cans are exposed to a fire they may cause a violent
explosion [2]. The cans are designed to fail at different pressures, depending on the can strength.
A standard can (STD) will rupture at 210 psi, a 2P can at 240 psi, and a 2Q can at 280 psi
(minimum strengths and other critical limitations for aerosol containers are set by the RSPA to
ensure safe transport in interstate commerce) [3]. The FAA also evaluated the effectiveness of
an improved can as part of a Small Business Innovative Research (SBIR) Phase 2 contract. The
testing determined that the improved can design was less hazardous and did not explode when
involved in aircraft fire scenarios [4, 5].

The problem with conducting fire tests using actual aerosol cans is the vagaries of the
catastrophic failure sequence. In many instances the metal can container will not completely fail,
releasing the contents slowly and thus producing a blowtorch effect. In other tests, the contents
are released in a perfect vapor cloud, which produces the most explosive force. Combinations of
the blowtorch and vapor cloud also occur, as the flame front is dependent upon the ignition



source as well as the rate of raeaf the flammable ppellant. Moreover, it is virtuéy
impossible to relialy predict when the rupture sequence will occur as there are inherent
differences in theife growth from test to test which dirégtimpact the dgree of heat transfer to

the metal can surface.ofthese reasons, a simulator device was cactetl whit can replicate

an «ploding aerosol can.

TEST RESUWTS AND DISCUSSION

DESCRIPTION OF INITIAL SIMULATOR.

Previous testing has shown thatem an aerosol can ig@osed to a fire, thpropellant andase
product contentsxpand and eentualy overmpressurize the can caogiit to burst. The most
feasible methodadr replicating this sequee of events was to develop a simulator that was
capableof storing and quicky releasng a ecific quantity of hydrocarbon propellant @hbase
product at presses similar to the canubst pressures. The initial simulator design uses a steel
pipe pressureessel mated to aigh-rate disharge (HRD) electrichy actuated solenoid valve.
The vessel contaed ports and vakes to allow for the transfer of gmprodut (initially isoprgyl
alcohol) andhydrocarbonpropellant {ypically prgpane). The caents could then be heatbg
blowing a hot-airgun against the surface of thdel vessel, effectivg raising the pressure.
When the pressure was suféot to burst a standard stgth can, apprdmatdy 210 psg, the
contents were releasedar aset of direct current (D.C.) spark ignitersgiire 2). The eletric
spark was pragcedby a high-voltage transformer that biged a 1.5 cm gap betwea pair of
electrodes.
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FIGURE 2. SCHEMATC OFINITIAL EXPLODING AEROSQ. CAN SIMULATOR



INITIAL OPENAIR TESTS.

Prior to testing the simulator, several tests were ucted in an unadfined space usg aerosol
cans heted to the point of rupture. h€se tests served as a basis with which the simulator could
be compared. Large, 164me hairpray cans were placed over a small, 4- by 6-inch mepta
fire for several minutes. Upon bursting, the cansdpoed a firball measumg 6 to 8 feet in
diameter. The results varied considéyaland inspection of the ruptured cange@edseveral
failure mechanisms for keasirg the coments. Durig some of the tests, the lgitudinal seam

was the point of initial release of the ¢emts, while in other tests the entire bottom dome failed.
The combustion of the can contents was notigeatore violent dung bottom dome failures, as
the products were releasednma rapidy.

Initial simulator tests were performed in an open area to observkre propgation pattern
and to test the general operation of the device. To produce a represerfats®n, the proper
guantty of propellant and bse producthad to be used. Prior to the initial test, tabulated data
illustrating the varigy and quanty of typical constituents used in current aerosol products were
provided by several aerosol indugtr consortiums includip the Chemical Specialties
Manufacturng Association (CSMA) and the Cosmetic, Toiletry, and FraggaAs®ciation
(CTFA). Appendix A lists the gener persmal care prodct types along with the range
(percentage) of ppellant and bse product quantities used. Altlgh some mdes of
antiperspirants and dg sprays contain fgher fractional concentrations of drgcarbon
propellant than hairspys (35% vs. 8%), they generaly exist in much smaller container&ody
spray and hairpray also contain relativg high levelsof ethanol bae product, but under current
guidelines, the combined tigocarbon blend and ethanolssgoroduct cannotxeeed 8% of the
total mass of the product. The initial tests used a mix of constituents in which the propellant
quantty was representative of a large haiegpcan (16 ounces) consigg of 3.5 ounces
(weight) of liquid propane and 2.5 ounces (weigbftisoprqoyl alcohol, as measured uogi a
digital 50-pound capatyi scale. Several trials were caated atvarious pressures, but the HRD
valve failed to perform above 200igs At 200 psiga large firebdlabout 12 feet in diameter
could be produced peatalty. The simulated fireball was compared to the results of a test using
an actualhairspay can placed abee a small burmg panof heptare. During this event, the
aerosol can burst after several minutes)gfosure, creatg a fireball apprximatdy 8 feet in
diameter. Since the initial test condition using the simulatpeaed reasonable, furthests
were conducted in a confinegdaxe.

CONHNED-SPACE TESTS.

The initial simulator setup was mounted to the forward bulkloé@adB-727 cargo comartment.
The discharge nozzle of the HRD valve was installed tiroa cutout in the compartment
bulkhead such that a majgyriof the simulator was outside of tbempartment. Theutout was
located midvay between the compartment floor and cegliat a heght of approximaty 18
inches (fgure 3). Thepressure vessel was again filled with 3.5 ounces opgme ad 2.5
ounces of isopqayl alcohol as in the initial tests. After hewithe vessel to increase the
pressureof the contents to 200 s the mix was released into the compartment dweispark
ignitors, which were situated approximigt@ feet from the nozzle exit. The ensygxplosion
caused seeredamage to the entire cquartment, includinghe collapseof the forwad and aft
bulkheads. Major sections of the cabinofl@bove he compartment ceiling liner were blown



out of place and projected several yards away from the test article. There was also evidence of

severe overpressure inside the structure, as several rivet heads on the exterior skin surface failed
under tension.
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FIGURE 3. B-727 TEST ARTICLE

The next test was conducted to measure the effectiveness of Halon 1301 at mitigating this event.
The damaged compartment was reconfigured and the simulator was again filled with the same
mix of propane and isopropyl alcohol. The entire compartment was first inerted with Halon
1301 to a concentration of 6.5%. This concentration was measured using a continuous gas
analyzer that sampled in the center of the compartment at a height of 2 feet, which was within
close proximity of the spark igniters. The constituent mix was heated to 200 psig and released
into the inerted compartment over the spark ignitors. No explosion event took place and no
perceived pressure rise inside the compartment was observed.

Several additional proof-of-concept tests employing the aerosol simulator were conducted using
fiberglass LD-3 Unit Loading Device (ULD) containers as the confining space. Prior to
conducting these tests, a hairspray aerosol can placed in the LD-3 container over a small pan of
burning heptane fuel was evaluated for comparison with the simulator results. After several
minutes of heating, the hairspray can burst and overpressurized the LD-3 container enough to
disengage and partially swing open the bi-fold door. Several additional tests were conducted and



verified the results with consistent findings. Tests were then conducted using the aerosol
simulator containing the mix previously used in the B-727 test. A small hole was cut in one side
of the LD-3 container at a height of 2 feet, and the discharge nozzle of the simulator was
installed. The hot-air gun was also mounted externally, and the identical spark igniter assembly
was placed near the center of the container, also at a height of 2 feet (figure 4). Upon release, the
mix exploded with violent force, blowing the bi-fold door off of its hinges and catapulting it
several yards into a wall. The container sustained heavy damage in the form of long cracks due
to overpressure. During the simulation, a pressure rise of 8 psig was measured in the container
using an Omega pressure transducer; high-speed data acquisition monitored and recorded the
input signal from the transducer. The initial results indicated the damage incurred during the
B-727 compartment and the LD-3 container test was more extensive than that sustained during
actual aerosol can explosions.
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FIGURE 4. TEST ARRANGEMENT IN LD-3 CONTAINER



As with the B-727 tests, the effectiveness of Halon 1301 at mitigating this type of event was also
investigated. Several additional tests were conducted in the LD-3 container which was inerted to
various concentrations of Halon 1301 prior to simulator activation. After each test, the container
was completely vented of all gases and an inspection was made of all equipment to ensure
repeatability. The results of 10 tests are summarized in table 1. As shown, there was no
explosion in the LD-3 container even when the concentration of halon 1301 was as low as 1%.
At this point, it was thought that the simulator may have been malfunctioning, so an additional
test was conducted without halon inerting. The result matched the first test in that the container
door was completely blown off the hinges, totally destroying the container. These results
illustrated the effectiveness of halon against this type of threat, even at substantially reduced
concentrations. Although the tests demonstrated the ability of Halon 1301 to suppress at 1%
concentration, the results differ from published literature, which indicates a minimum 6.7%
concentration is required to inert a compartment against this type of explosion [6]. Further
testing will be conducted to try to better understand this apparent discrepancy, including
determining the role of the ignition source, as an open flame may produce a different result than
the spark igniters used in the confined space tests.

TABLE 1. TEST RESULTS, AEROSOL EXPLOSION SIMULATOR IN LD-3 CONTAINER

Isopropyl Total
Halon 1301 | Propang Alcohol | Water | Weight of
Concentration Weight | Weight | Weight| Products
Test (%) (Ib) (Ib) (Ib) (Ib) Results
1 0 0.23 0.16 0 0.39 violent explosion, door blown off
2 6 0.22 0.16 0 0.38 | no explosion
3 5 0.22 0.16 0 0.38 | valve malfunction, contents not fully
released
4 3 0.22 0.16 0 0.38 contents from previous test releasef, no
explosion
5 4 0.26 0.16 0 0.42 no explosion
6 3 0.23 0.16 0 0.39 | no explosion
7 3 0.24 0.16 0 0.4 no explosion
8 2 0.24 0.16 0 0.4 no explosion
9 1 0.23 0.16 0 0.39 no explosion
10 0 0.23 0 0.16 0.39 | violent explosion, 8 psi pressure risg,
container destroyed

A more suitable test article is under development to allow for repeated measurement of the
pressure rise experienced during future aerosol can explosion tests. A steel, cylindrical test
chamber capable of withstanding elevated pressure and temperature will be outfitted with quick
response pressure transducers to accurately measure the explosion sequence (figure 5). By
determining the pressure pulse generated from actual aerosol can explosions, the simulator will
be adjusted to produce equivalent results. An improved version of the simulator is also under
development which uses a more reliable solenoid valve.
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SUMMARY

During tests usig the aerosol can simulator, the uncontained fireball was 10 to 12 feet in
diameter. The initial results with the simulation appeared reasonabiethe amount abase
product and prnaellant was within the r@e used in a large aerosol hpiesy can. However,
confined space tests camted ina B-727 cargo comartment and an LD-3 ctainer revealed

the exceptional explosive power of the simulations. The danraurred durig these tests
indicated the simulations produced a more severe event thacttred burstig aerosol can.A

major reason for the consistent paterof the simulator lies in its abiji to form a lage,
combustible vapor cloud, promoting complete combustion. When an actual can ruptures, the
overpressure often ceas an incomplete failure of the containeteasig smaller quantities of
propellant in a streammr other shpe that is less conducive to complete combustion.

A series of tests alsdemonstrated that Halon 13@teveried the &plosion generatetly the
simulator, even at reded halon concentrations. Halon 1301 @ concentration of 6.5%
prevented thénydrocarbon cloud pragted by the simulator from xploding in a B-7Z cargo
compartment. Durigtests in the.D-3 container, concentrations gamg from 6% to as low as
1% also effectiviy prevented thgapor cloud from ignifig and &ploding.
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APPENDX ALl DESCHPTION OF CONSTTUENTS USEDIN TYPICAL AEROSOL

List of various aerosdlype persoal care items and the pellants and b products used

PRODUCTS

(Courtesy of the Aerosolndusty Consortium).

Product Amount & type/class Amount &type/class Classification by Europe
hydrocarbon other flammables NFPA 30B
Antiperspirant | HFC 152a 15-25% Cyclomethicone ~ 25-27% Level 2 Iscbutane 80%
Hydrocarbon A-17 35-45% Fragrance <1% Cyclomethicone 14%
Level 3
Body Spray Hydrocarbon blend  30-35% Etharol 50-60% Level 3 Saneas US
Fragrance >1%
Deodormant Prapane/n-butane 14% Ethanol 2% Level 2 Isobutare  20-45%
Fragrance <1% Etharol 55-75%
Hairspiay HFC 152a/hydrocarbon blend Etharol 40-55% Level 2 Many sane as US
35-45% Fragrance <1% DME/hydrocarbon
Hairspiy Dymel A 10-35% | Etharol 4560% Level 2 blend 40-50%
Fragrance <1%
Hairspiay n-butare/propane 1025% | Etharol 45-60% Level 2 Etharol 35-40%
Fragrance <1% n-pentane 20%
Hairspay HFC 152a 20% Etharol 80% Level 2 N/A
Hair Mousse Isobutare/propane (/butane) Etharol 4-5% Level 1 Sane as US
5-10% Fragrance <1%
Shave Crams |sobutare/(propane) 2-5% Fragrane <1% Level 1 SaneasUS
Shave Gels |sopentare/Isobutane 3% Fragrane <1% Level 1 Hydrocarton 9%
Plus isobutane 4-6%

A-1/A-2
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